Patients suffering treatment resistant Parkinson´s disease (PD) are potential candidates for deep brain stimulation (DBS). Commonly most implanted electrodes have a cylindrical shape with quadripolar electrode contacts and generate a symmetrical stimulation field around the lead. To reduce side effects through activation of neighboring fibers a new electrode design with segmented contacts was developed and enables a better adaption of the field of stimulation as well as a multi-target stimulation to improve therapeutic benefits.
Introduction
Deep brain stimulation (DBS) is a reversible neuromodulative "last-resort option" for medically refractory Parkinson's disease (PD) in order to control movement problems and essential tremor 1, 2, 3 . The subthalamic nucleus (STN) and globus pallidus pars interna (GPi) are well accepted targets in the therapy of PD. STN stimulation is seen superior to GPi for medication reduction 4 . DBS permits focal adjustment of the STN, which resulted only in 41% reduction of initial symptoms in all patients and caused more side effects 5 .
The percentage of responders with long-term reduction of their symptoms varies from 10-61.5% 6, 7 .
The discrepancy in the results may be at least partially related to the differences in anatomical targeting, the stimulation protocol, and electrode design 8 .
Most implanted electrodes have a cylindrical shape with quadripolar electrode contacts and generate a symmetrical stimulation field 9 . To reduce side effects through activation of neighboring fibers, a new electrode design with segmented contacts was developed which enables a better adaption of the field of stimulation as well as multi-target stimulation [10] [11] [12] . Promising stimulation effects, a reduction of side effects, an improvement of the postoperative management, and the possibility to widen the therapeutic window were shown in the last few years [13] [14] [15] [16] [17] .
Here, we report our first clinical experience of directional DBS with the fully implantable segmented DBS system (Abbott/St. Jude Medical, Saint Paul, Minnesota, USA) for STN stimulation in PD.
Clinical Presentation
History and Examination For intraopertive imaging, fluoroscopy was used. After bilateral implantation, connection to a subclavicular 2-channel pulse generator was done.
Postoperative Course
The procedure was performed without any complications. Postoperative cranial CT imaging revealed proper placement of both electrodes in the central part of STN (Figure 2 ). After fusion with the preoperative stereotactic plan, both electrodes were seen in the correct position of the STN (Figure 2 ). Electrodes were postoperatively activated bilaterally for continous stimulation with the wireless iOS mobile programming platform ( Table 1 ). The patient experienced strong improvement of bradykinesia and rigidity under stimulation of the anterior segmented electrode (130Hz, 0.5mA). He was able to speak and walk without any problems. The apomorphin medication was stopped. L-dopa medication was reduced. Simultaneous activation of all segments around the circumference of the electrode caused the patient to suffer dysarthria and motor symptoms. Dysarthria as a DBS side effect, which is caused due to STN stimulation on the left side and could be reduced using bipolar stimulation with interleaving and low frequenzy stimulation 18, 22 . As our case demonstrated, segmented electrodes could lead to a reduction of dysarthria as well.
Discussion
To reduce the side effects with convential electrodes Ramirez-Zamora et al. used to alleviate stimulation of STN, which induced choreoathetoid dyskinesia and incomplete Parkinson disease control 22 .
This finding reasons the use of segmented electrodes in the case of our patient.
Further the wireless iOS mobile programming platform enables an easy and non-invasive therapy optimation. An improvement of the quality of life could be achieved.
Limitations of our case report are the lack of long-term clinical follow-up data, and the early postoperative time period.
Conclusions
We showed advantages and feasibility of using a fully implantable neurostimulation device with segmented electrodes. Despite precise preoperative planning and intraoperative trial stimulation, side effects of STN stimulation are common and may be reduced by segmented stimulation. Well-controlled studies with larger sample sizes are needed to establish this optional DBS electrode. Table 1 . Baseline data of the implanted electrodes and stimulation patterns for subthalamic nucleus (STN) deep brain stimulation (DBS).
